Objective. This study compares gestational age data obtained by clinical estimate with data calculated from the date of the last menstrual period (LMP) as recorded on birth certificates.
INTRODUCTION
Birthweight and gestational age have long been known to be the primary determinants of neonatal morbidity and mortality. 1 Conventionally, duration of pregnancy is calculated as the interval between onset of the last normal menses and the date of birth. This has been used as the definition of gestational age of the newborn, 2 although this definition overestimates the duration of pregnancy by approximately two weeks, the average interval from the beginning of the onset of the menstrual cycle to actual ovulation and conception. 3 Nevertheless, the number of completed weeks from the onset of the last menstrual period (LMP) to birth has remained the standard definition, whether calculated by the obstetrician for a patient in the course of clinical management or computed by epidemiologists for members of a population. [4] [5] [6] [7] Beginning in 1939, the National Office of Vital Statistics published model certificates of live birth, which provided for inclusion of "number of months of pregnancy," an estimate by the clinical personnel involved. With the next revision of the standard certificates in 1949, weeks replaced months as the time measure of this clinical estimate. 8 In the 1960s, birth certificates in many states began calling for the date of the onsent of the last normal menses in place of the number of weeks of pregnancy. Population-based studies comparing the distributions of gestational age values obtained by clinical estimate and by LMP had shown a clear preference for the latter. Anomalies of the distribution of gestational age obtained by clinical estimate included obvious digit preference (higher frequencies with even weeks) and as many as 87% of values concentrated in the single week's category for 40 weeks, a finding considered unrealistic. [9] [10] [11] However, the limitations of LMP-based gestational age determinations have also been reported widely in the scientific literature. Several factors may lead to an error in gestational age derived from the LMP, including irregularities of menstrual cycle, individual variation in length of the cycle, preconception amenorrhea following oral contraceptives, implantation bleeding or other bleeding early in pregnancy, and recall errors by mothers. 12, 13 Kramer et al., based on 11,045 pregnancies with second trimester ultrasound data, pointed out that LMP alone systemically overestimates the incidence of preterm and postterm delivery. 14 In addition, approximately 20% of live birth certificates in the United States have missing or incomplete data for LMP. Birth certificates for children born to women of low socioeconomic status or receiving late prenatal care contain a greater proportion of missing or implausible LMP dates. 15, 16 This is unfortunate, since a higher rate of adverse outcomes makes these women a particularly important group to study if population-wide improvements in perinatal health are to be achieved.
In spite of all these obstacles, researchers have used length of gestation from LMP to construct intrauterine growth curves and to calculate prematurity rates, inter-pregnancy intervals, and adequacy of prenatal care in populations. 1, [17] [18] [19] [20] The LMP was also the original basis for developing various clinical measures of gestational age, including fetal ultrasonographic dating [21] [22] [23] and newborn infant gestational age assessments. [24] [25] [26] Clinical estimation of gestational age was reintroduced in Illinois birth certificates in 1989. Beginning in 1992, presumably for reasons of confidentiality, the state dropped the exact dates of birth from the computerized birth certificates made available to researchers in this state. This practice makes it impossible to calculate gestational age from LMP. We therefore undertook a study of births from the years 1989 to 1991, the overlap period, to compare the two methods. The objective of our study was to investigate the concordance between these two measures and, where discrepancies were revealed, to determine as far as possible which of the two measures was most likely to be accurate.
METHODS

Population
In 1990, Illinois had a population of about 11.4 million, 70% of whom lived in urbanized areas. The ethnic composition was 75% non-Hispanic white, 15% black, 8% Latino, and 2% Asian. Live births reported in the state ranged from 187,026 to 192,349 during the years of study. More than 99% of births occurred in hospitals.
Overall completeness and plausibility analysis
We used computerized birth certificates for the years 1989 to 1991 obtained from the State of Illinois Department of Health, selecting only singleton live births for initial investigation (n = 568,488). We calculated gestational age in completed weeks by subtracting LMP from date of birth. We excluded women who did not have complete date of LMP. Information on cycle length, regularity, and contraception were not available. Hospital personnel recorded clinical estimate in completed weeks, and it appears on the birth records in that format. Although this estimate may have included ultrasound data as well as results of newborn examinations, birth certificates do not specify what information was used to make this determination.
Comparisons between methods
For final analysis, a subset of cases that contained both LMP-based and clinical estimations of gestational age within a range of 20 to 44 weeks were selected as biologically plausible for determination of concordance (n = 476,034). We first assessed plausibility of gestational measures within this range by a simple comparison of the percentages in preterm, term, and postterm categories. When the methods yielded different results, we included consideration of the birthweight, which was recorded on virtually 100% of certificates and is strongly related to gestational age.
Frequency distribution analysis
To explore the higher percentage of births classified as premature using the LMP method, we performed an analysis of birthweight frequency distributions. We created gestational age-specific birthweight distribu-tion plots at various gestational ages, as determined by each of the two gestational age estimating methods.
We then compared the resulting curves both for overall shape and for the characteristics of the two modes of bimodal distributions. Table 1 shows the quality and completeness of data used for the analysis. Only 0.4% had missing clinical estimate, as compared to 14% that had missing or incomplete LMP. Table 2 and Figure 1 show the distribution characteristics of the two gestational age measures. Clinical estimate exhibits a slightly higher mean and one week higher median compared to menstrual estimate. This is related to the concentration of more than 41% of births in the single category of 40 weeks for the clinical estimate, where the LMP-based distribution is more rounded, with its peak spread over 39 to 40 weeks. The LMP distribution has a larger standard deviation and a wider range between the 5th and 95th percentiles of distribution, while the concentration of cases at the mode in the clinical estimate distribution is reflected in much higher kurtosis. 
RESULTS
Overall completeness and plausibility
Comparisons between methods
The overall exact concordance between the two measurements, that is, having the same gestational age week value for both menstrual and clinical estimates, was 46%. Within +1 week it was 78%, and for +2 weeks it was 87%. However, the agreement between the two measures varied considerably based on gestational age. The highest exact concordance was observed at 40 weeks (72%). For more than 40% of cases in the range of 27 to 34 weeks, clinical estimate exceeded the menstrual gestation by more than two weeks. We found a higher percentage of preterm births (gestation <37 weeks) and postterm (after 42 weeks) births using the menstrual estimate ( Table 2 ). Only 55% of the LMP-based preterms were also classified as preterms by clinical estimate. Indeed, 61% of these supposedly preterm births (based on LMP) had birthweights >3,000 grams, a suspiciously high birthweight for truly premature infants. On the other hand, of the births coded as preterm by clinical estimate, 79% were also coded as preterm by LMP-based gestation estimate.
Frequency distribution analysis
To explore this discrepancy between gestational age estimates, we plotted distributions of birthweight for each gestational week for both techniques. A typical example is shown in Figure 2 , a comparison between the two techniques for 33 weeks. Similar results were found at all gestational ages <36 weeks. As Figure 2 demonstrates, the LMP-based distribution exhibits a bimodal pattern with a long right tail, while the clinical estimate distribution curve is unimodal and symmetrical. The birthweight of the single mode of the clinical estimate curve was close to but consistently somewhat below the lower weight mode of the bimodal LMP-based curve for all gestational ages <36 weeks. The second (higher birthweight) mode of the menstrual estimate curve had no parallel in the clinical estimate curve, suggesting that these second modes may be an artifact.
In Figure 3 we plotted three bimodal LMP curves from different preterm gestation categories. The first mode in the three curves, which in general corresponds to the clinical estimate modes, increases from about 750 grams at 25 weeks to 1,500 grams at 30 weeks and to 2,750 grams at 35 weeks. The second mode, seen distinctly at around 3,250 grams for 25 weeks and 30 weeks also shows up as an upward skewness in the 35-week curve (Figure 3 ). The second mode was present at the same weight in the 33-week gestation curve (Figure 2 ). When we analyzed these second mode cases separately, only 6% of them had clinical gestational age estimates of prematurity comparable to that indicated by the LMP on the same record, again supporting the conclusion that they constitute a coding error of some type. Birthweight distribution curves for gestational age >36 weeks were similar for both techniques of gestation estimate. However, as noted above, 41.2% of the term births (37-42 weeks) were coded as exactly 40 weeks using clinical estimate, versus 26.7% of records with LMP-based gestational ages.
DISCUSSION
Evaluation of gestational age in unselected populations is an important component of perinatal outcome assessment. However, in this study the menstrual and clinical estimate of gestational age-two measurements applied in the analysis of large populationsexhibited notable discrepancies. It was not clear from our findings that either one of these techniques used alone would prove optimal over the complete range of gestational age values.
Alexander et al. have pointed out that discrepant results from these two methods of estimating gestational age could lead to discontinuities in tracking population outcome measures such as prematurity rates across time. 7 Similarly, invalid comparisons would result when comparing data from two states using different methods. Our results support this prediction. The National Center for Health Statistics recommends using the clinical estimate as an adjunct to gestational age computed from LMP, 27 and some researchers have adopted the approach of substituting clinical estimates only for those records containing no-or biologically implausible-LMP data. 28, 29 This approach would solve the problem of significant subgroups missing LMP information (14% in our data) with minimum problems of discontinuity across time and space. However, it requires that data for both methods of estimating gestational age be present on the birth records available to researchers, a condition no longer met in Illinois after the years we studied. Most of the births missing LMP data are missing only the day, so that another approach for most incomplete records would be imputation using a standard algorithm. 30 The relative strengths of this approach compared to clinical estimate require further study.
The concordance between LMP-based and clinical estimates varies over the gestational range. The maximum concordance is at or near term. The discrepancy becomes quite marked as the gestational age deviates progressively towards earlier or later dates. The overall concordance appears to be high because the vast majority of babies are born at or near term, as previously pointed out by Kramer et al. 14 However, it is precisely in infants who are born pre-or postterm that accurate gestational age estimation is of greatest significance for health outcomes.
Of particular interest are the conflicting results for preterm births. The bimodal birthweight distributions we demonstrated using menstrual gestation estimates are similar to those previously reported in other populations. 16, 31, 32 We have shown previously that miscoding the LMP of a random 2% of all term births would account for the records found in all the second modes seen in such bimodal curves as menstrual gestational ages below term. 16 The current study confirms, at least as far as the clinicians involved are concerned, that in more than 90% of cases these second mode births are not as premature as the LMP would indicate. Various data cleaning techniques have been devised to eliminate the presumably miscoded second mode cases for purposes of generating intrauterine growth curves, 17, 33, 34 but this study raises questions about the first mode cases as well. These first ("true") birthweight modes were still heavier than the corresponding clinical estimate modes ( Figure 2 ). Either of these sets of distributions-"cleaned" LMP-based curves (essentially, curves like those in Figure 3 with the second modes removed), or clinical estimate-based curves-could be used to produce realistic intrauterine growth curves, but they would not agree. Which represents the true standard for the population?
Unfortunately our data cannot adequately address the question of which gestational age measure most faithfully represents the true distribution for the population because there is no agreed upon "gold standard" for pregnancy dating. Although clinical estimate has few biologically implausible out-of-range values as assessed by birthweight, one could argue that knowledge of birthweight after delivery would naturally influence the clinical estimation recorded on the birth certificate, whether or not this was justified in every case. This could result in erroneously editing out the true variability present in the population. There has been a considerable improvement in the plausibility of clinical estimates from their earlier appearance on certificates in the 1950s, when more than 80% of all births were reported at exactly 40 weeks. This may reflect the widespread use of prenatal ultrasound today. Nevertheless, some tendency to clump at 40 weeks persists in the current data. The accuracy of clinical estimates beyond their general pattern of conforming to prior expectations remains unknown.
Many view early prenatal ultrasound obtained at around 10 weeks as the new "gold standard" because there is little variation in the size of the embryo at this stage of development. 35 However, the lingering conceptual problem with scanning is that what is being measured is size, not time, and after the earliest stage of pregnancy individual growth differences become evident. For example, Moore et al. have shown in a longitudinal analysis that a fetus whose bi-parietal diameter is one standard deviation above the mean at 16 weeks is similar to a fetus whose corresponding measurement is one standard deviation below the mean at 18 weeks. 36 Sex differences in fetal size have been claimed as early as 8 and 14 weeks. 36, 37 Although an early scan is clearly useful when dates are uncertain or when the clinical findings are not in keeping with the menstrual data, scanning at 8 to 10 weeks is by no means routine. Although it is estimated that 70% of pregnant women in the United States received an ultrasound in 1996, 38 most of these studies were too late in gestation for precise dating. 36, 37 The study by Kramer and co-workers comparing ultrasound dates with LMP, the main attempt so far to apply sonographic dates on a population basis, used ultrasound studies obtained at an average of 16-18 weeks. 14 It appears from our analysis that one technique for determining gestational age in populations will not be optimal for all requirements. Babies of premature gestation are probably most reliably identified using the clinical estimate, while for babies at or near term the LMP-based gestational age determinations produce a more realistic distribution. However, the dating errors near term are probably minor and could safely be ignored for many purposes. Whether clinical estimate underestimates or LMP-derived gestational age overestimates the number of post-term infants remains an open question. A more definitive evaluation of gestation-estimating techniques for large unselected populations will require application of a different technique, such as very early ultrasound, to every member of a large population. Such a study would require a different pattern of access to prenatal care than that currently achieved in this country.
